The mullet (Chelon haematocheilus) is a cosmopolitan coastal species. It is often consumed as a sliced raw fish in Korea and as a dried and salted fish roe in several countries, including the southeastern United States and Japan. In this study, to optimize traditional processing of salted semidried mullet (SSDM) for the development of high-quality products, nine different types of traditional process were applied, and quality changes including physicochemical, nutritional, and sanitary properties were observed. The approximate composition of SSDM was as follows: moisture, 66.1% to 71.8%; ash, 1.65% to 3.75%; crude protein, 16.12% to 18.09%; and crude lipid, 1.11% to 2.07%. The salinity, water activity (Aw), color parameters, peroxide value (POV), acid value (AV), thiobarbituric acid (TBA), and the total volatile basic nitrogen (TVB-N) contents in fresh mullet (FM) and different SSDM groups were affected by different processing techniques including salt concentration and drying methods. In particular, the salinity was significantly increased, whereas the Aw was significantly decreased in all SSDM groups compared to those of FM group. In both FM and SSDM groups, the AV, POV, and TBA values gradually increased with prolonged storage and crude fat content; however, they were not affected by salinity. The amino and fatty acid content also varied depending on the processing method; however, the composition and protein patterns were similar among the groups. The total aerobic bacterial numbers of all SSDM groups were also influenced by different processing methods.
| INTRODUC TI ON
Fish and shellfish are not only sources of highly unsaturated fatty acids including eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) but also sources of animal protein containing a large amount of valuable nutritional components including vitamins and minerals (Ali et al., 2019) . Fish and shellfish consumption has been linked to increased risk of blood cholesterol levels, cardiovascular diseases such as atherosclerosis and hypertension, and several forms of cancers (Lauzon et al., 2010) . However, many researchers have demonstrated that nutrients and other bioactive components, such as n-3 PUFAs, protein, fiber, taurine, sterol, and pigments derived from fish and shellfish, have a number of biological activities, including anticoagulant (Matsubara, Matsuura, Hori, & Miyazawa, 2000) , antioxidant (Heo, Park, Lee, & Jeon, 2005) , anticancer (Bouic, 2001) , anti-inflammatory (Kim, Rajapakse, & Kim, 2009 ), antihypertensive (Harada et al., 2004) , and antihypercholesterolemic effects (Matsushima et al., 2003) . On the other hand, it is well known that during storage, due to the high amounts of omega-3 polyunsaturated fatty acids and moisture, fresh fish and their products are susceptible to peroxidation that modifies both nutritional quality and sensory characteristics (Maqsood, Benjakul, & Shahidi, 2013) . Therefore, research efforts have highlighted the possibility to extend the shelf life of fish include freezing, drying, salting, and canning. Freezing methods have been commonly used to extend the storage and distribution of processed fish products; however, if thawed, the fish meat can easily crumble leading to dry texture (Ma, Wu, Zhang, Giovanni, & Meng, 2018) . In addition, the drying method, which is a relatively simple and classical method, can impair sensual and physical properties such as fat oxidation, browning, and texture due to excessive drying (Lee, Kim, Chae, & Chang, 2007) . Recent trends worldwide suggest a demand for semidried foods or semimoist foods such as squid (Gou, Choi, & Ahn, 2012) , horse mackerel (Yang, 1997) , mackerel (Song, Lee, Han, Yoon, & Hwang, 2005) , brown croaker (Joo, 2011) , and salmon (You, 1997) with features very similar with fresh food products, but with a longer shelf life (Qiu, Zhang, Tang, Adhikari, & Cao, 2019) .
Mullet (Mugil cephalus L.) is a marine fish belonging to the family Mugilidae and lives in tropical, subtropical, and temperate coastal waters of the world's major oceans (Thomson, 1966) . Mullet has a relatively high fat composition compared to other fish species (Marais & Erasmus, 1977) . In particular, mullet roe is considered a nutritious food, with well-balanced protein content including essential amino acids and large amounts of ω3 unsaturated fatty acids, such as 20:5ω3 (EPA) and 22:6ω3 (DHA), known to act an important role in the prevention of cardiovascular diseases (Lu, Ma, Williams, & Chung, 1979) . Although a few studies analyzing the chemical composition, bioavailability, and quality during storage of mullet or its roe have been conducted (Çelik, Altielataman, Dincer, & Acarli, 2012; Cho, Rhee, & Kim, 1989; Kim, Seong, et al., 2009; Lee & Park, 1985) , the nutritional and quality characteristics of salted semidried mullet (SSDM) meats have yet to be investigated. Therefore, the purpose of this study was to provide basic information to establish the scientific processing conditions and extend the shelf life by investigating the physicochemical, nutritional, and quality characteristics of SSDM prepared by different processing methods during refrigerated storage.
| MATERIAL S AND ME THODS

| Sample preparation
Whole fresh mullets (Chelon haematocheilus) were obtained from a fish farm in Jeung-do (Korea). The average body weight and length of fresh mullet were 1.05 ± 0.28 kg and 49.21 ± 2.76 cm, respectively.
Blood and other wastes were removed with tap water, and 5 individual fresh mullets per group were selected, and then, the SSDMs were manufactured immediately by nine manufacturers using different salting and drying procedures based on traditional salting and semidry methods and then called "SSDM 1 ~ 9." As shown in Table 1 , SSDM preparation was conducted by using "dry salting" for SSDM1 ~ 6 or "brine salting" for SSDM7 ~ 9 according to the salting and drying conditions in Table 1 . As for dry salting, fresh mullets were put in polystyrene boxes with one layer of salt and one layer of mullets for 3 hr 30 min, and then, they were held in a dry cool place (approximately 20°C) to be semidried for 3 days. As for brine salting, fresh mullets were immersed in salt solution for 4 hr 30 min and then semidried for 4 days.
| Proximate composition, salinity, water activity (Aw), and chromaticity
The moisture, protein, and ash contents of SSDM samples were determined using methods described by the Association of Official Analytical Chemists (AOAC, 2012). Moisture content was determined by drying the samples at 105°C until constant weight (AOAC method 950.46B). The protein content was determined using Kjeldahl procedure (AOAC method 955.04). The total lipid content was determined by the method of Bligh and Dyer (1959) . The ash content was evaluated by sample incineration in a muffle furnace at 550°C (AOAC method 920.153). For salinity measurement, five times (w/v) deionized water was added to the SSDM sample, and the filtrate obtained by stirring and centrifugation was measured with a salinity meter (PAL-ES, ATAGO). Aw was determined by an Electric Hygrometer (Hygrodynamics, Inc.) at 27°C. The chromaticity was measured with a color meter (ZE2000, Nippon Denshoku Co.) using the muscular part of the SSDM as a sample, and the L* value (lightness: L* = 0 for black, L* = 100 for white), a* value (red/ green: +a* = redness, −a* = greenness), and b* value (yellow/blue: +b* = yellowness, −b* = blueness) were recorded. The L value of the standard white plate of the color difference meter was 97.50; the a and b values were −0.27 and 0.21, respectively. Each group of samples was measured five times, and the mean values were obtained.
| Lipid oxidation
Lipid oxidation of SSDM samples was assessed according to the acid value (AV), peroxide value (PV), and the thiobarbituric acid (TBA) levels. The AV was determined using the procedure described by Pearson (1970) . Briefly, 1 g of the extracted oil sample was dissolved in the equal volumes of diethyl ether and ethanol and 1% phenolphthalein solution was added as an indicator and titrated against 0.1 mol/L NaOH. The AV was subsequently calculated. The PVs were determined using the procedure described by Egan, Kirk, and Sawyer (1981) . SSDM samples were ground to a powder, and 0.5 g of the sample was mixed with a 25 ml solution of acetic acid and chloroform (3:2, v/v) and 1 ml of saturated potassium iodide. The mixture was stored in the dark for about 10 min and then added a 30 ml of distilled water and 1 ml of 1% starch (w/v) solution. The sample was titrated with 0.01 N sodium thiosulfate until the blue color disappeared. The PVs were expressed as milliequivalents of peroxide oxygen per kg of sample (mEq/kg). The lipid peroxidation was evaluated by measuring TBA levels using the modified method of Faustman, Specht, and Malkus (1992) . A 20 g of each mullet sample was homogenized with 50 ml of distilled water and then 10 ml of trichloroacetic acid (15%, final concentration) for 15 s, and then, the homogenate was centrifuged at 33,540 g force for 5 min. After filtration of the supernatant using Whatman No. 1 filter paper, 2 ml of 0.06 mol/L thiobarbituric acid was added to 8 ml of the filtrate.
The mixture was vortexed for 15 s, heated at 95°C for 1 hr, and then cooled on ice. The absorbance was measured at 532 nm using a UVvis spectrophotometer, and then, the results were expressed as mg malondialdehyde (MDA) equivalent/kg of sample.
| Determination of amino nitrogen content
Amino nitrogen content was evaluated using the formol titration method (Northrop, 1926) . Briefly, 5 ml of the SSDM sample was diluted up to 250 ml with distilled water. For the first titration, each diluted sample was titrated with 0.01 mol/L NaOH (pH 8.5). 20 ml of formaldehyde solution (pH 8.5) was added to the diluted sample and then titrated with 0.1 mol/L NaOH for the second titration. The volume of base consumed in both first and second titration was used to calculate the amino nitrogen content.
| Determination of total volatile basic nitrogen (TVB-N)
The TVB-N was determined via the microtitration method described by Gharibzahedi and Mohammadnabi (2017) . Briefly, 5.0 g SSDM sample was homogenized with 50 ml of distilled water using a high-speed homogenizer (IKA-T25). The mixture was centrifuged at 10,000 g and 4°C for 5 min. A 5 ml of the supernatant was added to 5 ml MgO (10 g/L) and then distilled with a Kjeldahl nitrogen apparatus (KN-520, Alva instrument). The distillate was obtained with 20 ml of boric acid (0.02 g/L) containing methyl red (1 g/L) and methylene blue (1 g/L) in ethanol as a mixed indicator. The mixed solution was titrated using 0.01 mol/L HCl solution, and 5 ml of distilled water was used instead of the sample as a blank test. The TVB-N value was calculated based on the consumption of HCl according to the following equation: TA B L E 1 Pretreatment methods, salting, and drying conditions for the preparation of salted semidried mullet where V 1 and V 2 are volume (mL) of HCl used for the sample and the blank, respectively. C refers to the concentration of HCl (mol/L). m indicates the sample weight (g).
| Fatty acid analysis
To analyze the fatty acid, total lipids obtained from the SSDM samples were extracted using a mixture of chloroform:methanol (2:1, v:v) including 0.01% butylated hydroxytoluene. The extracted lipids were dried using a rotary evaporator (VV 2011, Heidolph Co., Ltd) in vacuum and then converted to fatty acid methyl esters (FAMEs) through base-catalyzed transesterification with sodium methoxide for 2 hr at 30°C (Qwele et al., 2013) . FAMEs were quantified using gas chromatography (Shimadzu GC-17A, Shimadzu, Tokyo, Japan) fused with silica capillary column (SP TM -2560, 100 m × 0.25 mm i.d, 0.25-μm film thickness, Supelco). Fatty acid analysis was carried out using an initial isothermic period of 140°C for 10 min, followed by a temperature increase at the rate of 4°C/min to 240°C and an isothermic period of 240°C for 30 min. FAMEs n-hexane (1 μl) was injected into the column. The injection and detector port were maintained at 260°C, with helium gas. The compositions of fatty acid were identified by comparing the retention times of FAME peaks with the standard (47885-U, Supelco 37 Component FAME Mix, Supelco) and then quantified as mg per kg of SSDM samples using the internal standard. The total fatty acid content was expressed as g per 100 g of samples, while individual fatty acid composition was expressed as a weight percentage of the total fatty acids.
| Amino acid composition
To analyze the amino acid, 80 mg of SSDM samples was mixed with 10 ml of 6 N HCl solution. After purging with N 2 gas in a test tube, the samples were hydrolyzed in a dry oven at 110°C for 24 hr. The hydrolyzed samples were evaporated and added a sodium-distilled buffer (pH 2.2). Samples were filtered using a syringe filter (0.45 μm)
and then analyzed amino acids by reaction with ninhydrin using Biochrom 20 amino acid analyzer (Pharmacia Biotech). Amino acid composition was determined by measuring absorbance at 440 and 570 nm, respectively.
| Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
To analyze the protein profile of the SSDM, 500 μl of lysis buffer was added to 0.1 g of the sample, homogenized, and centrifuged at 12,000 g for 30 min to separate the supernatant. Protein in the supernatant was quantified, mixed with sample buffer, then heated at 100°C for 5 min, and used for SDS-PAGE analysis. Electrophoresis was conducted using a Mini-PROTEAN Tetra Cell (Bio-Rad Lab., Inc.)
according to the method of Laemmli (1970) , and a 10-15 μl sample was injected. SDS-PAGE was performed for 90 min.
| Microbiological analyses
Microbiological analyses were conducted using a commercially available 3M™ Petrifilm™ Plates (3M Microbiology Products), according to the methods suggested by the manufacturer. Briefly, The SSDM samples (10 g) were placed in a sterilized pack (3M TM Sample Bag) and homogenized with 100 ml physiological saline (0.85%) for 2 min.
The pretreated samples were cultured in 3M™ Petrifilm™ Plates (3M Microbiology Products) at 35 ± 1°C for 48 hr, and then, the number of red colonies was counted. The average number of colonies was multiplied by the dilution factor. All counts were expressed as log 10 cfu/g.
| Coliforms and Escherichia coli (E. coli)
Microbiological analyses were conducted using a commer- Red colonies surrounded with trapped gas represented coliforms, whereas blue colonies with trapped gas were identified as E. coli.
Each dilution was conducted in duplicate, and plates containing 15-150 colonies were recommended for counting. The colonyforming unit (CFU) per gram of sample was used, and the minimum limit for detection was log cfu/g.
| Statistical analysis
All data are expressed as means ± SD. Statistical analyses were carried out using IBM SPSS statistic ver. 20. The data were evaluated by one-way analysis of variance. Differences between mean values were assessed using the Duncan's multiple range test. Differences were considered statistically significant when the p value was <.05.
| RE SULTS AND D ISCUSS I ON
| Proximate composition, salinity, and water activity (Aw)
In this study, the approximate composition, salinity, and water activity of SSDM samples were treated with nine different traditional methods, as shown in Table 2 . The composition of fish muscle varies depending on species, age, season, diets, stage of maturity, organs, and muscle location (Noël et al., 2011) . The content of moisture, protein, fat, and ash in the fish body commonly ranges from 60% to 81%, 16 to 21%, 0.1 to 25%, and 0.4 to 1.5%, respectively (Muraleedharan, Antony, Perigreen, & Gopakumar, 1996). Norouzi and Bagheri (2015)
reported that the chemical composition of golden gray mullet during sexual arrest and maturity was as follows: fat, 2.22%-3.94%; protein, 21.81%-22.85%; moisture, 77.39%-78.13%; and ash, 1.35%-1.48%, respectively. According to the literature, the body composition of M.
cephalus was comprised of 74.5% moisture, 17.5% protein, 2.7% fat, and 4.9% ash (Marais & Erasmus, 1977) . Akbary (2019) also reported that the carcass chemical composition of gray mullet was composed of 71.98-74.76 moisture, 17.84-18.82 crude protein, 2.11-5.91 crude lipid, and 5.84-7.14 crude ash, respectively. In the present study, the SSDM samples showed significantly lower moisture and higher protein and ash content compared with those of fresh mullet samples. The crude fat and crude protein contents ranged from 1.11% to 2.07% and from 16.12% to 18.09% in all the SSDM groups. Siriskar, Khedkar, and Lior (2013) demonstrated that the protein and fat content decreased, while the ash content remained constant in salted and pressed anchovies. On the other hand, it has been reported that the dried caviar from flathead gray mullet showed significantly lower moisture and higher protein contents due to drying effect on evaporating water partially out of the product resulting in an increase in dry weight (Çelik et al., 2012) .
In addition, the higher ash content resulted from moisture loss and concentration of chemical components after the drying process (Akonor, Ofori, Dziedzoave, & Kortei, 2016) . In the present study, the salinity of the SSDM groups was significantly higher than that of the FM group due to the salt pretreatment. It has been reported that the salt content of the anchovies ranges from 0.55% to 0.58% which is typical of marine species (Siriskar et al., 2013) . Yin, Kim, Noh, and Choi (2013) reported that the salinity of cod bone stock was 0.49%. Similar to our results, it has also been reported that the salinity of mussel stock was 0.71% (You, Shin, Choi, & Seo, 2013) . In our study, the salinity was the lowest in the SSDM9 group and the highest in SSDM8 group among the different groups. However, the salinity of all SSDM groups ranged from 1.48% to 3.42% and was lower than the human threshold values of 3.0%, which is chiefly considered as a factor leading to hypertension (Amerine, Panborn, & Roessler, 1965) . On the other hand, the Aw of the SSDM groups was significantly lower than that of the FM group. The mean
Aw of the SSDM samples was within 0.92-0.98. These results indicated that the proximate composition, salinity, and Aw of SSDM samples were significantly affected by differences in the traditional methods including salting and drying techniques.
| Chromaticity
In the present study, the values of the color parameters are listed in Table 3 . The L (lightness) values indicate blackness and whiteness, a value indicates redness and greenness, and b denotes degree of yellowness and blueness. The "a" value of the colorimeter was red when the + value was higher, and green when the -value was higher. The 
TA B L E 4 (Continued)
POV is related to rancidity in the early stages of lipid oxidation and is a good indicator of the rate of oxidation (Kim, Kim, Park, Kim, & Lee, 2001) . As shown in Figure 1a , the POV gradually increased in all groups with extended storage period. The SSDM3 group showed the greatest increase from 11.04 to 34.75 meq/ kg, whereas the SSDM5 group showed the smallest increase from 9.12 to 23.60 meq/kg during refrigerated storage. In general, the AV increases with the deterioration or rancidity of the oil (Falade & Oboh, 2015) . In the present study, similar to POV, the AV also gradually increased with increasing storage period in all groups.
The AV increased sharply after day 4 of the storage in all groups. In particular, the FM group showed the greatest increase from 0.3 to 2.8 mg/g, whereas the SSDM5 group showed the smallest increase from 0.1 to 1.5 mg/g during refrigerated storage. The lipids in fish are decomposed by air, and lipolytic and lipoxidative enzymes during processing or storage, and these oxidative products may turn increasingly rancid through oxidation (Cai et al., 2014) . In general, the level of TBA used to determine the degree of oxidative rancidity of lipids as indicated above should be at least 3 in a very good material and a maximum of 5 in a good material, and the range of acceptability is between 7 and 8 (Taşkaya & Yaşar, 2018) . In the present study, all groups showed a graduated increase in TBA depending on the storage period; however, it decreased on days 12 until 14 of storage (Figure 1c ). It was found that the SSDM9 group showed the lowest TBA value (0.69 mg MA/kg), whereas the SSDM7 group had the highest TBA value (2.59 mg MA/kg) on day 14 of storage among all groups. Witte, Krause, and Baile (1970) reported that the TBA values increased with storage period, because of carbonyl compounds, alcohols, ketones, aldehydes, and other oxidative and hydrolytic products derived from fats during aging of meat. It has also been reported that the TBA value in mullet roe products was affected by physical state of the matrix, manufacturing procedures, and storage (Rosa et al., 2009) . Similarly, Guizani, Rahman, Al-Ruzeiqi, Al-Sabahi, and Sureshchandran (2014) demonstrated that POV in hot-smoked tuna showed an inverse correlation with salt concentration and the values of POV and thiobarbituric acid-reactive substances (TBARS) increased with storage period.
| Amino nitrogen and total volatile basic nitrogen (TVB-N) values during refrigerated storage
In the present study, the initial values of amino nitrogen content were not significantly different in all groups (Figure 2a ). The TVB-N values are an important parameter for the evaluation of loss of freshness and chemical degradation of fish. The TVB-N levels of trimethylamine (TMA) and dimethylamine (DMA) are extremely small in fish meat immediately after harvesting but increase as freshness decreases (Taşkaya & Yaşar, 2018) . Therefore, the TVB-N value is accepted as a spoilage index for fish. The Food and Agricultural Organization (FAO) has indicated that sample with a TVB-N value less than 25 mg N/100g is "perfect quality," up to 30 mg N/100g is "good quality," up to 35 mg N/100g is Note: -: represents that the corresponding amino acid was not detected.
Values represent mean ± standard deviation (SD) (n = 5). Different superscript letters within each row represent significant differences (p < .05). Abbreviations: FM, fresh mullet); SSDM, salted semidried mullet.
"marketable quality," and greater than 35 mg N/100g is indicated as "spoiled" (FAO, 1986; Schormuller, 1968 ). It has also been demonstrated that fish meat with a TVB-N content of 5-10 mg/100g is extremely fresh, whereas TVB-N levels of 15-20 mg/100 g suggest early decay, and levels of 50 mg/100 g indicate a high degree of decay (Song et al., 2005) . In the present study, the TVB-N values of the FM and SSDM groups were 10 mg/% or less from days 0 to 4 during cold storage (Figure 2b) . Upon storage at 4°C for 14 days, the values of TVB-N increased gradually until 10 days of storage followed by a rapid increase from days 10 to 14 of storage. On day 10 of storage, the freshness of the SSDM6 group was (Nooralabettu, 2008) . In the present study, all the SSDM samples were within the limits during refrigerated storage for 14 days.
| Fatty acid compositions
The compositions of fatty acids (FAs) of SSDM are summarized in Table 4 . In general, marine fish contain higher PUFA content due to their diet, resulting in a high ratio of PUFA to SFA (P/S) (Osman, Suriah, & Law, 2001 ). In the present study, a broad range of FAs was detected in fresh and SSDM, with an abundance of palmitic acid (C16:0), heptadecanoic acid (17:0), palmitoleic acid (C16:1), oleic acid (C18:1n-9), eicosapentaenoic acid (EPA, C20:5n-3), and docosahexaenoic acid (DHA, C22:6n-3). Ackman and Eaton (1966) demonstrated that palmitic acid was a major metabolite in fish. Moreover, the predominance of EPA and DHA, which prevent human coronary heart disease, is an adaptation to the low temperature of the marine environment, and thus, contribute to the maintenance of cell membrane fluidity (Farkas, 1979; Ruxton, Reed, Simpson, & Millington, 2004) . In our study, it is worth mentioning that both fresh and SSDM contained a large proportion of SFA (48.17%-53.75% of total FAs) and PUFA (26.3%-42.91% of total FAs), especially EPA (17.72%-32.21% of total FAs), DHA (5.75%-11.15% of total FAs), and P/S (0.48-0.89). Cengiz, Ünlü, and Başhan (2010) reported SFA, MUFA, and PUFA levels of 48.94%, 41.34%, and 9.75% in Abu mullet (Liza abu) similar to our study. Köse, Koral, Özoğul, and Tufan (2010) also reported that the total values of SFA, MUFA, and PUFA in muscle samples of Pacific mullet were 29.59%, 29.26%, and 18.06%, respectively. Pollero et al. (1979) reported that the contents of DHA and EPA in a few marine fish and shellfish were related to the type of food, seasonal changes, and sexual cycle.
| Amino acid compositions
The constituent amino acids of fresh and SSDM are shown in 
| S DS-PAG E
The muscle fiber protein of fish meat generally constitutes 60%-70% of the muscle protein. It contributes to the physical properties of dietary protein as well as playing a role in muscle tissue formation as a structural protein. It has been known that the reactivity of the proteolytic enzyme to the myofibrillar protein depends on the freshness and quality of fish (Seki & Watanabe, 1984) . Similarly, Joo (2011) reported that the electrophoretic pattern of salted and dried brown croaker products was altered slightly by different salting conditions and storage periods. These results may be attributed to conformational changes of proteins and increased intracellular enzymes released by different salting and processing methods.
| Total coliform and Escherichia coli levels
In general, microbial contamination of foods may occur due to mishandling during distribution, processing, and storage (Hashem & Alamri, 2010) . Table 7 summarizes the initial values of the total coliform and E. coli in fresh and SSDM samples prepared using different salt concentrations, drying and pretreatment methods. In the present study, the initial level of total coliforms in all samples ranged from 1.00 to 2.82 log cfu/g, respectively. In several processed fish products, these microbial groups have been already reported and traced to the raw materials or contamination during processing (Hsu et al., 2009; Kung et al., 2008 2.00 ± 0.01 f ND SSDM9 1.48 ± 0.01 h ND Note: Values represent mean ± standard deviation (SD) (n = 5). Different superscript letters within each column represent significant differences (p < .05). Abbreviations: FM, fresh mullet; ND, not detectable (level less than 1 log cfu/g); SSDM, salted semidried mullet.
were suppressed by salting process. These results are in agreement with previous studies of high levels of aerobic plate count and total coliforms in dried milkfish produced by sun drying and containing low salt (1.2%-2.3% of NaCl) (Hsu et al., 2009 ). However, aerobic plate counts, E. coli, and total coliforms were not detectable in dried milkfish produced by elevated salts (>2.5%) (Hwang et al., 2012) . Table 8 shows the changes in total microbial counts of SSDM during storage at 4°C for 14 days. In general, seafood is prone to rapid spoilage by microorganisms after harvest due to high moisture content. The components of seafood are degraded by several biochemical reactions, which lead to a shorter shelf life and loss of quality (Akonor et al., 2016) . When the total bacterial count reaches about 5 to 6 log CFU/g, it is considered as an early stage of spoilage, and levels of 7 log CFU/g render food unfit for consumption (Lee, Moon, & Park, 2000) . International Commission for Microbiological Standards of Foods (ICMSF, 1988 ) also recommends that raw fish and their products carrying a total microbial count in excess of 10 7 should be considered as unacceptable. In this study, the initial total microbial counts of fresh and SSDM samples ranged from 3.41 to 5.30 log cfu/g, which was within acceptable limits. In the present study, the FM group showed the lowest total microbial count on day 0, but the total microbial counts were increased rapidly than in the other SSDM groups within the storage period. The total microbial counts in the FM group markedly increased up to 8.88 log cfu/g (increasing rate: 5.4 log cfu/g) after 14 days of refrigerated storage compared to levels of 7.76 log cfu/g (increasing rate: 2.6 log cfu/g) in SSDM4, 8.41 log cfu/g (increasing rate: 3.1 log cfu/g) in SSDM9, 7.38 log cfu/g (increasing rate: 3.4 log cfu/g) in SSDM5, and 7.69 log cfu/g (increasing rate:
| Changes in total bacteria per storage period
log cfu/g) in SSDM1, respectively. Similar to our results, Siriskar et al. (2013) reported that the salted and pressed anchovies showed an initial microbial count of 2 × 10 2 log CFU/g, which increased up to 6.4 × 10 3 log CFU/g during 5 weeks of storage. In our study, the rapid increase in total microbial counts during storage of FM group may be attributed to the high moisture content, Aw, and low salinity compared with those of the SSDM groups.
| CON CLUS IONS
This study represents the first report of physicochemical, nutritional, and sanitary properties of SSDM produced with different pretreatment methods including salting and drying at refrigerated temperatures. The different pretreatment techniques affected the TVB-N content and lipid oxidation parameters such as POV, AV, and TBA and TBARS. Compared with the increasing microbial levels in FM group during storage, the SSDM groups showed a decrease in microbial content. Our findings suggested that the pretreatment method was one of the important factors in determining the physicochemical and nutritional properties, and the hygienic quality of SSDM products during refrigerated storage. In the present study, we confirmed that the SSDM produced by traditional methods improved the storage period significantly, unlike the fresh mullet. However, there is a need to simplify and standardize the traditional manufacturing methods and conditions to produce efficient salted semidried fish products. 
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